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Abstract: Tri-n-butyl- and triphenylphosphine and triethylphos-~-
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phite transform benzyl and tert-butyl nitrite into the-corres-

ponding alcohol. 'Pyrolysis of benzyl and tert-butyl hyponitriteb
in tri-n-butylphosphine also produces the expected alcohol there-
by supporting their formation in the deoxygenation of nitrites by

tervalent phosphorus reagents.
)

In an attempt to produce examples of the unknown alkoxy ni-
trenés, the deoxygenation of nitrite esters by‘tervalentlphosphorus
3 reagents was investigated.é' Benzyl and tert-butyl nitrite have |
been transformed into the corresponding alcohol by both tri-n-
butyl- and triphenylphosphine and trietﬁylphosphite as a phosphine
L oxide or tristhylphosphate is Jf‘cn:*rr;_ec't.,Jr The intermediacy of an
alkoiy nitrene is not required; however, a hyponitrite ester,
which may be recognized as the formal dimer of an alkoxy nitrens,

5

5 is a probable intermediate.



Ry P O -
RONO —2——> RONOPR'

RONOPRz! ————% RON ——— .RON (0)=NOR
-R4 ' PO RONO

RON=N(O)OR + R5 PO

RONO
RONOPR3 -~—§-<::::: ]\

RONOPRa
RONO
Rs'P RON=NOR
_R3V
RON=N(0)OR ’ l—Nz
? -
- R 'P
=0 2RO. —2_ 5 ROH
. or

Ry 'PO
Rs'P
N20 ——— N, + Ry1p0

Rz'PO + R-e

R.'P .
RO- —2— 5 R,'POR

Rz'POR + R.

R = CeHsCHa, (CHs)5G; R' = n-CuHy, CeHs, OC,Hg

‘ solvent
CSHSCHZ * v % . CeHsCH:r,

-H-
(CHa )30 ° ——""“-"‘% (CH6 )QC=CH2

(1)

(2)

(3)

(W)

(5)

(6)

(7)

(8)



An initial nucleophilic at%ack by tervalent phosphorus upon
the terminal nitrite oxygen is proposed (equation 1).6 Since at-
tempts to trap the monomeric nitrene, which might have been pro-
duced by dissociation of the zwitterionic adduct (equation 2),
through addition to an olefinic bond or by insertion with a CH
bond were unsuccessful it is tentatively assﬁmed thatvan élkoxy
nitrene is not generated. This evidence does not rigorously ex-
clude capture of the nitrene on formation of a nitrits este? mole-
cule in a reaction leading directly to a hyponitrite-N-oxide (equa-
tion 2). It is aésumed, however, that the initiél adduét combines
with another nitrite ester molecule to bring about the forﬁation:
of the azoxy compound in a reaction requiring either concerted or
stepwise elimination of a phosphine oxide (equation 3). Con-
ceivably alkoxy radicals could be prodﬁced directly by the frag-
mentation of the proposed, but unknéwn, hyponitrite~N-oxide
-ester; In an alternate sequence a hyponitrite may result from
deox&genabion of its N-oxide and subsequently undergo 1633 of
nitrogen with the generation of alkoxy radicals (equations u,57.7
Abstraction of hydrogen from the organOpﬁbsphorus solvent then

accounts for the formation of ths expected alcohol.8 This last
step had been independently established in the formation of tert~

butyl alcohol from the tert-butoxy radical, in turn produced from

di—tert;butyl peroxide in triphenylphosphin99 and has now been

Y
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confirmed by the transformation of authentic benzyl and tert-
butyl hyponitrite in tri~gfbufy1phosphine into benzyl and tert-
butyl alcohol respectively.

An alkoxy radical also combines with a phosphine to generate
an alkyl radical’ (equation 6). With this explanation for the
presence of benzyl and tert-butyl radicals, hydrogen abstraction
by one and elimination by the other accounts for the minor yields
of toluene and isobutylene respectively from benzyl and EEEE;
butyl nitrite (equations 7,8). Insofar as butene-l was not de-
tected by the formation of its dibromide the formation of the
n-butyl radical (equation 6) is doubtful.

Both the cleavage of the benzyloxy radical into thé phenyl
radical and formaldehyde and of the tert-butoxy radical into the
methyl radical and acetons as well as the épparent disproportion-
ation of the benzyloxy radical into benzaldehyde and benzyi alco~
hol are established reactions.lo Detection of low-boiling and
gaseous products other than isobutylene and/or other olefins wés
not attempted here and evidence for the formation of either ben-
zene or benzaldehyde was not found. The observation, from a
separate experiment, that benzaldehyde does not react with tri-
Q—buéylphosphine under comparable conditions renders the absence
of benzaldehyde formation from both benzyl nitrite and hyponitrite
in an organophosphorus solvent unresolved.l1 A solution to the
problem may require an explanation for the formation and identi-
fication of high—boiling 0oils which contain phosphorus and oxygen
but no nitrogen. A similar ﬁigh-bbiling fraction was obtained

from tert-butyl nitrite.lz
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With abmolar excess of triphsenylphosphine or triethyiphos~
phite a lower yield of tert-butyl alcohol was obtained from di-
tert-butyl peroxide.9 This was attributed to an increase in the
production of tert-butyl radioals‘(equation 6) required for an
increase in hydrocarbon products. In contrast, a slight increase'
in the yiéld of benzyl alcochol from benzyl nitrite is realized
when a molar excess of tri-n-butylphosphine is used. As deter-
mined by yields of alcchols producéd the latter reagent appears
to be more effective than triphenylphosphine or tfiethylphosphite '
but less effective than isooctanel3 in donating hydrogen to an

alkoxy radical produced under comparable conditions.
Experimental

Deoxygenation of Nitrites. With stirfing, 17.39 g (0.127 m)

of freshly prépared and redistilled benzyl nitritelh’l5 was added
dropwise over a period of 2 hours to 25.60 g (0.127 m) of tri-n-
butylphosphine which had been rigorously dried over calcium hy- |
dride. By external cooling the temperature of the exothermic
reaction was kept below 15° during addition but was then allowed
to rise to room temperature for cbntinued stirring overnight.
Distillation of the reaction mixture under ordinary préssure gave
0.34 g (3% yield) of toluene, b.p. 109 - 111°, ir and nmr absorp-
tion identical with that of an authentic samplse.

Continued distillation at 3 mnm separated a low-boiling frac-
tion (60 - 155°) from which 8.15 g (65% yield) of benzyl alcohol,
b.p. 202 - 204° (1 atm.), was separated by redistillation, ir and
nmr spectra identical with those obtained from authentic material.

From a higher boiling fraction (155 - 165°/3 mm.) 19.20 g (75%

5.
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yield) of tri-n-butylphosphine oxide, m.p.'65 - 68°, was obtained
after redistillation, ir and nmr spectra identical with thoss
obtained from authentic material. 'Finaily 2.02 g of a high—
boiling oil, 190 - 210°/0.25 mm, ahd a pot residue, 0.35 g, were
not identified.

When the reaction was repeated with a molar excess of tri-n-
butylphosphine, the yield bf benzyl alcohol in the reaction mix-
ture was estimated to be 78% as determined from the nmr absorptiaﬁ
at s 4.55 (benzylic protons).

With the substitution of triethylphosphite for tri-n-butyl-

phosphine about 30 percent benzyl nitrite remained unreacted after

heating the reaction mixture under nitrogen at 100° for 2 days and
é 55% yield of benzyl alcohol was obtained. ' The same yield of al-
cohol was obtained from a moderately exothermic reaction between-
benzyl nitrite and triphenylphosphine in benzene. Attempts to. ob-
tain products by insertion or aﬁsﬁraction with CH bonds in hydro-
carbon solvents or by addition to the C=C double bond in cyclo-
hexens which might be characteristic of benzyloxy nitrene were
unsuccessful. |

With stirring 29.60 g (0.287 m) of freshly prepared and re-
distilled_zgggfbutyl nitritel6 was added dropwise over a period of
2 hours to 61.00 g (0.302 m) of tri-n-butylphosphine in a 250 ml
3-necked flask equipped to deliver evolved gas into a solution of
3 ml of bromine in ZSO‘ml of cérbon tetrachloride. Ths feaction

temperature was carefully held between 65 - 70° (there does not

‘appear to be a reaction at room temperature) and stirring was

continued at this temperature overnight. By distilling at or-

dinary pressure 1.2 g of unreacted tsrt-butyl nitrite was

6.
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recovered and 8.18 g (L3.5% yield based on recovered nitrite) of
tert-butyl alcohol, b.p. 80°, was collecﬁed, ir and nmr absorp-
tion identical with that obtained from an authentic sample. Con-
tinued distillation gave 57.74 g (91% yield) of tri—gfbutylphos-
phine oxide, b.p. 182°/23 mm,’ir and nmr absorption identical with
that from authentic material, and 5.00 g of an unidentified oil,
b.p. 220 - 230°/23 mm. |

By distillation 1.95 (5.5% yield) of isobutylene dibromide,
b.p. 1y - 150°, was isolated from the reaction between the evolved
gas, isobutylene, and bromine in carbon tetrachlofida, § 1.90
(6 protons) and s 3.88 (2 protons). From the.nmr the product was
judged to be about 90% pure.

Pyrolysis of Hyponitrites. In a 10 ml r.b. flask fitted with

a reflux condenser, 0.66 g (3.79 mmole) of tert-butyl hyponitrite,13
was slowly mixed with 3.86 g (19.1 mmole) of tri-n-butylphosphine
while external control kept the temperature near 55° (below 50°
the two liquids appear to be immiscible). After stirring for 20
hours at this temperature, tert-butyl alcohol was detected in
35% yield by measuring peak areas in vpc from an SE-30 ten-foot
column operated at 60°, Standards for comparison in claculating
yield consisted of prepared mixtures of tri-n-butylphosphine and
t-butyl alcohol. Caution. In one éxperiment with inadequate ex-
ternal control of the reaction temperature, the mixture of tert-
butyl hyponitrite and tri-n-butylphosphine became explosive.

In a similar reaction, 0.1471 g (0.608 mmole) of benzyl hypo-
nitrite, m.p. Ll - L6° (d)17 and 0.5846 g (2.89 mmole) of tri-n-
butylphosphine were stirred overniéht at room temperature. The

initially clear solution became dark brown after 2l hours and then

kS
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yellow. Benzyl alcohol was detected in 38.2% yield by vpc. Stan-
dards for comparison in calculating yield consisted of prepared

mixtures of tri-n-butylphosphine and benzyl alcohol.
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